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Abstract 
We present a microfilter used for selective separation of nano molecular solution and separating waste, such as urea. The microfilter 
system consists of two layers of micro chambers made of stainless steel 316L (SS 316L) and one piece of porous membrane made 
of polyethersulfone (PES). The PES membrane in between two micro chambers acts as a selective separation membrane. 
Electropolishing technique was employed to machine the SS 316L for the structural layer in the microfilter. A method of bonding 
the PES membrane to SS 316L structural layers surface was developed in the microfilter fabrication, whereby diffusion test was 
applied in the filtering evaluation. The separation capacity of this microfilter for nano molecules size was evaluated using solution 
of sodium chloride and urea. The diffusion experiments indicated that the smooth surface of structural layer machined by 
electropolishing provides blood phase and dialysate phase flows without any difficulty at different flow rates (25, 50 and 100 
μL/min). The electropolishing technique used on SS 316L was regarded to be capable as the alternative options for machining, 
shaping and polishing other alloys material. This microfilter system with PES membrane is believed to succeed as selective 
separation for nanomolecular size and to have the potential use in the dialysis systems. 
 
© 2012 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor Mamoru Mitsuishi 
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1. Introduction 
Numerous of applications of the stainless steel 316L 
(SS 316L) makes this alloys material versatile and worth 
for further observation. SS 316L has high corrosion 
resistance, smoothness, and blood compatibility and 
biocompatibility properties. Due to the force generated 
and problem achieving smooth surface, SS 316L has 
also become one of the metal alloys that is difficult to be 
machined by conventional machining and also 
nonconventional process. Surface etching and polishing 
are often required for shaping, machining and polishing 
of SS 316L and other metal alloys, especially as it 
requires polishing medical devices [1]. Numerous 
methods for chemical etching and electro polishing have 
been conducted. However, in most cases, chemical 
etching solutions contains of hazardous chemicals, such 
as hydrofluoric and sulfuric acids [2-5]. Whilst electro 
polishing is considered as a safe and environment 
friendly process for polishing and machining of metallic 
materials, since it uses non-toxic chemical solution [6, 7]. 
In addition, process of removing material from the 
workpiece when immersed under the electrolyte is only 
requires small energy. In this work, we present the 
application of electropolishing in fabricating SS 316L 
structural layer of microfilter for dialysis system. The SS 
316L structural layers were used as microchambers 
layers in the microfilter device. One piece of PES porous 
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membrane was used as a selective separation membrane 
for nano molecules. The PES membrane was selected as 
a filtration membrane due to its nano porosity, high 
biocompatibility and easy in fabrication process. The 
surface of electropolished structural layer SS 316 was 
characterized using laser microscope, scanning electron 
microscope and diffusion test using blood solution and 
dialysate solution as a representative of dialysis system. 
2. Methodology 
2.1 Multilayer structure and diffusing unit 
The microchannel for dialysis system is assembled by 
piling structural layers of SS 316L and porous 
membrane layers alternately as illustrated in Figure 1, 
each two continuous structural layers separated by one 
piece of porous membrane, forming paralleled chambers 
for the flow of blood phase and dialysate phase one by 
one. The thickness of the diffusing unit is related to the 
thicknesses of both the porous membrane and the 
structural layers, and the membrane thickness used is 
relying on the fabrication process. The structural layer in 
diffusing unit is designed to have seven parallel fat 
channels of 86 mm in total length and 2 mm in width 
forming a chamber with a large area of 172 mm2 in each 
structural layer as illustrated in Figure 2. The structural 
layer thickness used in the diffusion unit is 200 μm. 
2.2 Diffusion test experiments 
To examine the performance of diffusing unit, where 
the structural layers were machined by electropolishing, 
diffusion tests were performed. Blood solution 
containing urea and NaCl was used as the blood phase 
and dialysate solution without urea was used as the 
dialysate phase. The diffusivity measurements were then 
performed in a diffusion unit, as illustrated in Figure 3. 
The methodology for calculating the diffusion 
coefficient through a membrane has been described 
previously [5, 8]. In the present study, some 
modifications were made and the diffusion coefficient 
was determined based on the following equation: 
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where CA is the initial concentration of urea in blood 
solution A and CB is that in solution B, which is initially 
dialysate (CB = 0). H is the thickness of the membrane 
and A is the diffusion area of the chamber. By feeding 
blood solution and dialysate solution into the dual inlets 
of the device, molecule smaller than the mean pore size 
of the membrane can diffuse through the membrane into 
the collected solution B (CB´). By measuring the 
concentration of the collected solution B and that of 
solution A (CA´), the diffusion of the solute through the 
membrane can be obtained. 
In addition, surface analysis using SEM (FEI Quanta 
200 SEM) and laser microscope (Keyence, VX-X100) 
were conducted to observe the surface morphology and 
to measure the surface roughness of the electropolished 
structural layer. 
3. Experiment 
3.1 PES membrane fabrication 
PES membranes were prepared from PES (molecular 
weight: 4800, Sumitomo Chemical Co., Japan), 
polyvinylpyrrolidone (PVP) (molecular weight: 35 000, 
Wako Pure Chemical Industries, Ltd., Japan), and 1-
methyl-2-pyrrolidone (NMP, Wako Pure Chemical 
Industries, Ltd., Japan), acting as solute, solvent and 
additive, respectively. The PES, PVP and NMP were 
mixed at 20%, 20% and 60% (wt%), respectively, and 
kept at room temperature for about 48 hours to form 
transparent casting solutions. Subsequently, the PES 
casting solution was poured onto a glass chip. The PES 
membrane was then prepared to a thickness of 100 μm 
by spin coating at a spinning speed of 3500 rpm 
followed by direct immersion into pure water. As soon 
as the glass chip sank into the distilled water, a thin layer 
of white membrane could be seen forming at the 
interface between the casting solution and the distilled 
water. The thus formed PES membranes were then 
stored in distilled water at room temperature for more 
than 24 hours to remove the PVP for further use. The 
size of the pores formed in the membrane is considered 
to be 2 5 nm. 
3.2 Structural layer fabrication 
The composition of the SS 316L studied is presented 
in Table 1. The microchamber layer was fabricated by 
electropolishing. SS 316L plates of 200 micron thick 
were purchased from Nilaco Co. and cut into pieces of 
60 x 60 mm2. The pieces were then washed in the 
ethanol alcohol solution. Wide channel structures on 
these SS 316L layers were patterned on the both side of 
SS 316L plate using a positive photoresist SU8-3050 
(Microchem) by spin coating at a rate of 1000 rpm for 
30 s, exposure to UV light for 6 x 6 s, and for 
developing. The experimental setup for electropolishing 
consists of power supply, glass container, workpiece, 
reference electrode, and magnetic stirrer. The workpiece 
(anode) material for microchannel was the SS 316L 
stainless steel, the cathode material under study was 
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titanium, and ethylene glycol as the electrolyte medium. 
Before the experiment proceeds, NaCl were added into 
the ethylene glycol at concentration of 0.3 g/L. The 
electrolyte was stirred with magnetic stirrer until the 
NaCl were properly dissolved in the ethylene glycol. 
These patterned workpiece was then immersed into the 
electrolyte solution and connected to the 15 V electrical 
current, as illustrated in Figure 4. It took approximately 
2 hours for fully machining the SS 316L plate. The SS 
316L were then further dipped in 1-methyl-2-
pyrrolidone (NMP) to remove the rest of SU 8 3050. 
3.4 Assembling 
The SS 316L layers with wide channels were then 
bonded to the PES porous membranes. PES membranes 
were inserted between every two SS 316L layers. The 
Polydimethylsiloxane (PDMS) cover layers were also 
bonded to the outside SS 316L layers and then followed 
by Poly(methylmethacrylate) (PMMA) chips bonding. 
The assembled 1 unit microfilter (which means there 
were 1 piece of PES porous membranes and 2 pieces of 
structural layers) is shown in Figure 5. Inside the unit 
microfilter there were 2 chambers divided into two 
groups: one for the flow of the blood and one for the 
flow of the dialysate. To avoid leakage, the assembled 
device was compressed slightly and fastened in that 
compressed form with four screws. To keep the PES 
membranes soaked, the device was kept in distilled 
water before being used in experiments. 
3.5 Performance evaluation 
The performance of our diffusion unit was finally 
evaluated. A blood solution containing 128 mg/dl of 
urea, 125 mmol/L of Na, 4.7 mmol/L of K and 71 
mmol/L of Cl was used as the blood phase and the 
dialysate solution containing 0 mg/dl of urea, 139 
mmol/L of Na, 2 mmol/L of K and 88 mmol/L of Cl was 
used as the dialysate phase. The concentrations of urea 
and NaCl were based on the concentrations of urea and 
electrolytes in the blood of used for kidney patients. Na, 
Cl and K concentrations were measured using a 
electrolyte analyzer (Arkray, SPOTCHEM EL SE-1520) 
and urea concentration were measured using automated 
analyzer for clinical chemistry (Arkray, SPOTCHEM 
EZ SP-4430). The flow rate of the blood phase and 
analyte phase were set to 25, 50 and 100 μL/min. 
 
 
 
 
 
 
Table 1. Chemical composition of AISI 316L SS used for the 
experiments 
Element Content 
wt.% 
Cr 17.07 
Ni 10.26 
Mo 1.97 
V 0.11 
Co 0.04 
C 0.03 
W 0.01 
Sn 0.009 
B 0.0048 
Mn 1.68 
Si 0.64 
Cu 0.19 
Ti 0.03 
P 0.024 
Al 0.011 
S 0.004 
N 0.0431 
Fe Balance 
 
 
 
 
 
 
Fig. 1 Structure of a multilayered microfilter and a diffusing unit 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Geometrical view of the structural layer 
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Fig. 3 Permeation experiment demonstration view 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Electropolishing system used for surface machining of SS 316L 
layers 
4. Result and Discussion 
4.1 Electropolishing of SS 316L layer 
Fig. 6 shows SS 316L surfaces after electropolishing 
conditions. The as-received SS 316L sample has rough 
tracks with small pores and cracks randomly distributed 
on the surface. The surface height varies widely in 
different regions. After the electro polishing in the 
mixture of NaCl and Ethylene glycol, the surface 
morphology improves drastically and shows a very 
smooth and uniform surface with a surface roughness at 
1.87 μm. The smooth surface after electropolishing on 
SS 316L provides the blood to flow easily during the 
filtration process. 
4.2 Diffusion of electrolyte and urea 
The diffusivities of Na, Cl, K and Urea in the 
permeation test were obtained by measuring the 
concentration in the waste inlet and collected solution B. 
Figure 7 shows the diffusivities of Na, K, Cl and Urea in 
one piece of membrane. As shown in Fig. 7, the 
diffusion coefficients of urea is relatively consistent with 
the increased of flow rates (25, 50 and 100 μL/min). 
This is not surprising, since the diffusion coefficients of 
the membrane is not supposed to be dependent on the 
flow rates. However, for Na, K and Cl molecules, the 
diffusion coefficients are increased with the flow rate. 
This can be explained that the concentration differences 
Fig. 5 Microfilter fabrication process 
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of Na, K and Cl between blood phase and dialysate 
phase are small, therefore, the were only few molecules 
diffused during the permeation test.  
On the other hand, in the urea diffusivity, high 
difference of urea concentration in the blood phase and 
dialysate phase has made more urea diffused through the 
membrane; result in consistent diffusion coefficient at 
different flow rates. In addition, the result also shows 
that the smooth surface of the SS 316L structural layer 
which were machined by electropolishing method could 
be performed for diffusion test using blood solution. 
5. Conclusion 
The work presents the fabrication of microfilter 
device by using a SS 316L structural layer and 
polyethersulfone (PES) porous membrane, which 
applicable for dialysis system. Stainless steel 316L (SS 
316L) plates for structural layer were machined using 
electropolishing at a voltage of 15 V. The smooth 
surface of SS 316L produced by electropolishing has 
enabled its application for blood contact surface in 
diffusion channel. A bonding method combining a SS 
316L layer and PES membrane was developed 
successfully during the device fabrication, and is 
considered to be potentially used as microfilter in 
hemodialysis system. The excellent performances shown 
in the experiment results indicated its potential for use in 
biomedical engineering research. 
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Fig. 6 SEM images of SS 316L surface before and after 
electropolishing 
Fig. 7 Permeability evaluation of Na, K, Cl and urea molecules in 
different feed rates 
